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SADIANT HEAT TRANSMICSION PROM GASES IN TUBES 


by 


























- ( ee a! Chk Pucks 


A Area of surfece in scuare feet. 









“ 


fF 4& dimensionless factor to allew for interchange between fas tube 
surfaces expressed in terms of€'s, A's, o's, sight factors. 


L keam lengths for gas radiatipn, feet. 


r Partiel pressure of zas in atmospheres, Po for carbon dioxide, 
ty, for water vapor, r; total pressure of cas 


G tate of neat transfer by radistion; Btu per hour. 





1 Abdsolute temperature; Hankine; Fahrenheit absolute (460 + dearees 
Fanrenneit); 1, of surface; Te of gas; ty gas in; 1, ges ou 5 
i,; surface st gas inlet; 1,, surface at gas ontlet. 


saperature, degrees Fahrenheit; for subscripts see T. 








@ «sAbsorptivity, dimensionless. 
€ sissivity, dimensionless. 


ST Linensionless constant in Stefan—boltzmann lew. 











SUS RY 


A method is cresented for obtaining an estimate of the average 
radiant heat transfer rate from zaseous carbon dioxide and water vapor 
in stesdy flow through long thin tubes which is brief and of sufficient 
accurecy for a use. 

Recommendations are based on calculations of the true average heat 
transfer rate under the following conditions: | 

(a) there is no axial heat exchange, 

(b) there is complete nermal mixing of the cases, 

(c) radiation is the only mechanism of hext transxuission 
present. 

The true average heat transfer rate was calculated from the basic 
dete on eulssivities of carbon dioxide and water vapor according to 
Szbert and Hottel (3). Three methods of calculating the sverase heat 
transfer rate were selected and compared with the true average for a 
wide ranze of conditions. Fron these the method best suited for adap- 
tation to engineering use was chosen. Since correlation of all the 
wariavles entering wis impossible a systematic elimination of these 
variables was effected in such a manner as to maintain the otek sO 
introduced to a minimun. 

The final result of the calculation is the recommendation for use 
of a seonetric mean method for calculating the average radiant heat 


transfer rate in ono step together with 4 correction to be appiled to 


the results of this method. A correcticn curve iz given in figure I-4 





5, 
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for a gas temperature change of 1000°F. Figure I-B gives a multiplier 
to be used for sis temperature changes other than 1000°F. 


The geometric mean method is defined from the equation 


T. \4+ 
(afk)ave = T F ave ‘ rT) lf Th 
3 \ z | ave 
1001 | 


a ave is cslculated at the arithmetic mean gas aad surface Lemper— 
atures. 
: Te on 
-| 4 ave is taken as the geometric mean of the inlet and 
LOG Tad! 


J 
outlet v-lves of this quantity. 


The range of possible error in calculating the average heat trans- 
fer by this method 1s presented for four arithmetic mean gas temperatures 
dn fieure II. The symmetry cof these bands about sero shows the recor- 
mended correction curve to be a good average for all possible conditions. 
The amount of error possibls in the use of the recommended method is 
low in the range of igh temperature industrial applications. It is 
excessive, however, for arithmetic mean gag sebctlets as low as 1500°F 
together with gas tenoersture changes of 1500°F. When the difference 
between gas and surface temperatures is lesa than 500°F the method is no 
longer epplicable. 

The limiting conditions on which recommendations have been based, 
of @ long thin tube and of no heat, transmission by convection, do not 
exist perfectly in any practical application. They do acpear in many 
applications to a near approximation. The extent to which the sppraxi- 
mation aay be made depends on the particular situstion and the designers 
judgement. 
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_ PERCENT CORRECTION 
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FIGURE I-A 
_ RECOMMENDED CORRECTION FOR AVERAGE VALUES OF 
q/A FROM GEOMETRIC MZAN METHOD FOR t-t,;1000° F 
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FIGURE I-B 
RATIO OF RECOMMENDED CORRECTION AT ANY t-t, 
TO CORRECTION AT t=t=1000° F 
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INT2ODUCTION 


The célculation of averu,e radisunt heat trensfer from hot cases 
flowing through a tube is a rather long, tedicus process, and one that 
is frecuently encountered in the design of heat transfer ecuipment. 
Therefore py Sirplification of this problem that does not sacrifice 
the accuragy of the results would te desirable. 

The in heat transrer relation et « point is ex; resseda by a 
fourth power ecuation co/i =H(7,“ -1. 4), Dats for the solution of 
this equation is available in @ peper by Lgbert and Hottel (3) in 
which the calculation of ges emissivity and absorptivity is discussed. 
fo evaluete the average rediant heat transfer this ecuetion must be 
solved on 4 point to ;oint basis, calculéting the emissivity anc ab- 
sorptivity of the gas at a number of points along the range desired, 
and integrating to get the aversge radiant heat transfer. 

x theoretical spproach to o reduction of the work involved in 
this celculation was made by Hottel (1) in which he offered a loge- 
rithmic mean of gas and surfece temperatures for the evaluation of 
&n uverige gas temperature which will permit calculation of the av- 
erége rédiant heat transfer in one step. Eberhardt and ‘lottel(2) 
took the case of a billet reheat furnace snd combined eapirical d3- 
te and theoretical investigution to develop 4 simpier relationship 
for the calculetion of radiant heat trensfer. A pseudo emissivity 
wes defined end & geometric mean cf the terminal fourth power dif- 
ferences co; bined with it to form tnis simplified relationsni: for 


the celculetion of tne averaye heat transfer. 





+. a 2 at — pia ae ee 4 wr : Dee [a ‘ . g : ~ 4 mee 5 
{ average radiant tL transmission from ses dn au tube. 
“ b > a hed YY Be" Lad wd lin a O 2s Ute Pre : 
<€ 






A voint to point calculation nas beer along a long thin cube, 
= a ° 


= chai a 


by an integra vd on 
a a) 













- obtained 


aan 
to evaluete the fourth 





ga : ; i. ow ‘ Dineen ~< 
of these points. .? types of means § re ue 
; . —_ » 
power tempereture differences. The average rudisnt neat transfer 





calculated in this manner is compsred to the true value end the best 
mean chosen. the necessary correction curves have been made for 
this ty.e of mean and 4 curve of error drewn to demonstrate the li- 


mits of this method. 














t POSURE 


By direct calcuiation based on the exissivities of water vapor and 
carbon dioxide as presented by Febert and Hottel (3) there is obtained 
the average heat transfer rate from gases in steady flew through a tube 
to the tube wall. Tro general conditions are imposed to define the 
problews 

&. The tube shall have 4 length to diameter ratio of infinity 
which fermits the assumptions of no axial heat exchange and complete 
mixing of the esses normal to the axis of flow. i 

b. The radiant heat transfer to tube walls shall be controlling, 
neglecting sonvection effects from gases to tube and conduction effects 
along the tube. 

Pollowing this, the average heat transfer rate is obtuined by three 
different methods -t:ich are a:oroximaticns cniy. Values obtained in this 
manner ere compearec with the true average to determine if any one of the 
methods is usable in sugineering calculations. 

Radiant heat exchange from a body of hot gear to the cold heat re- 
ceiving surface is calculated from the fourth rewer temperature ciffer- 
ence law and from consideration of the sas composit.ion, size and con- 


figuration of the gas body and surface conditions. It may be expressed 


vita “Ga 


in which Fo as developed by Hottel (4), allows for all of these con- 


by the equation 


siderations. To simplify the calculation of 7 certain specific ~y 











agitions were inpcsed: 
* <<. 2 


The entire surface of ths tube is neat receiving. 







The amissivity of wattr varor is calculated without correcticn 


for its partlai pressure. 


Ths tera 3 now becomes 


and 





; i =) - ( ra) 
100 — 
he averege heat transfer rate over a sian of 18 temperature from 


1 to T, 1s found from 


T. ee T j 
*y 








. 
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In order to cbtxin this aversce heet transfer rate the heat transfer 





4a calculoted at several points between T, anc T,, and its rediprocel 1a 
plotted against pas temperature toe The intesral is evaluated by the 
trapezoidal rule fer integrating areas. 


Suck a method of estimatince as is preserted here requires that the 


basis on which the recowrendations are rade be as 411 inclusive as Ls 


47 
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practical. iccordingly the followine values of variables were chosen 
and tha averace neat tranefer wags calculated for eli possible scombine- 
ticns of tnese, the cnly limitations being the ranze cf the charts of 
pas amissivities, avd the re uirenent that gas Vedi hirst ae sxcesd 


eurface tou; 3ratere. 





VYariubdless: 
2 Ph = 2.0, 0.20, 0206 
P < 
wee .= @,%,3)1 
r.+ Ff 
c Ow 


t_ = 100°F, 1500°F, 0.8 t. - 400 


t, -t. = 505, 100, 1500 
‘, + &. « aoa | 
22, = B00°F to 300% 
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The last veriable, the arithmetic mean gas temperature, wae used 
as the abcissa for these plots. 


The three metiicds ef computing an average valve of the heat trans- 





fer rate are: 


a. ssometric cean method 


(a/+T )ave = a ovale) : fos) ‘] ave 


t eve te celoulated at the arithmetic rean gas end surfface teuper- 
atures, 


AGte5) 7 ate is the ecoratric mean of inlet enc cutlet, welues, 
1U bi 100 100 


b&b. trithmetic wean method | 
(a/* 9 )ave A ove) (Tryave | . - | T,,av9 4 





L 100 / 
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fave is celculated at the arithmetic mean czas and eurface 
4 


tear sratures 


T, ave = arithmetic mean gas temperature 





tT, ave = arithmetic meen surface temperature 
bs . 
Co Op mean method 
T ave & T ave & 
(q/Ac)ave = F ave Ps oo 
LOO LOO 


Fuve is colculatec at the erithnetic mean surface tenperature, 
t, ave and at tp, ave = t. ave+log mean temparature difference betaeen 
» 3 3 
gas and surface 
T, ave = t.ave + 460 
-3 Fy 
7 svo = t ave + 460 
8, 3, 

A comparison of trase agans way accomrlishad by evéluating the 
correction neceas ry tc mike the «verare heat transfer rate from the 
methos ecusl to tres true rate. These corrections rere plotted against 
tne arit'setic ean cas terpereture for eech methec, all surface teap- 

G r 
erdcure conditions, t, - > LOCO F, £€PL 2.0 and each value of the 


, (figures IYI, IV, ¥). 





water fraction, - = 
i + } 
é 6 
Curves for each surfaco temmerature concition were independent 
of each other and a correlation was impossible. ‘Tle curves for dif- 
ferent surfuce teaperatures fell «nost closely together et each value 
of the water frection for the geometric mean method. Accordingly this 
metho’ was chosen for further development. 
Curves of correction varsus arithmetic mean fas teapercture were 


plotted for all combinations of the varicbles for the geometric mean 


method, (figures VI-XIV). Average curves were drawa to represent all 
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eurface temrerature conditions and at each cambination of £FL and 
weter fraction were forced to cross tha abcissa at the seme srithmetic 
eal gas terperature for ell three values of *, - t>- 

The ratios ci the ordinates of these three average curves were 
averaged to sake tie ratio independent of gas temperature. The average 
curve for t - t. = 2000 WS ld fixed and the other two averarce curves 

t leorrected for thc averzze retio. In turn the ratios so obtsined were 


again averaged to aake them independant of water fraction, (fizvre XVIT). 


The everare correction curves for t, ~ t= 1000 were plotted to- 
eether for eaci: £Frl, (figure ¥V), and since no correlation was pos- 
sible an qverave ras drewn throurh each croup, new inderendent {: surfece 
tenpersture end water fraction. 

Finally these curves of éverire correction ratio versus (tj - t,), 
(ficure Y¥YI), and of everege correction for t - t.= 1000, (figure Y¥T), 
wore examined froz consideration of their usefulness and sesuracy. 

Again it wae cecided that the slisht loss of accurccy incurred by aver- 
aging the results to this roint wes necessary te avoid interpolation 
aifficuities in the use of the curves. Average curves were again feired 
through each vale to produce one recommended correction curve for 

ty) = _ end cne recommended ede'e retio of correction at any 
(t, - t.) to the correction at t, - » - 100K, (figures I-A, I-B). 

In eliminating the variables <ZFL, water frection, and surfuce tenp- 
erature by such Averaging as has bcen done to this point considerable 
error may be introduced into the average heat transfer rate. This has 
been studisd aad the actual error plotted for all coabinationsa of the 


varinbles and tor arithmetic mezn gas temreratures of 1500, 2000, 2500, 























The resulite o: ons are rrssented in figures LH 5 
= = j 


i, and JI on :ases 3 and 4 snd in fi. os TIT through XXI on the > 
a . 
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Figures I-A, I-B, 2nd II are the final recormensed corrects 


. ; : oS i iu 
curves to be used in calculating an average heat transfer rate by 
the gecuetric mean method and the bands of error possible in such 
ealeculation. Figures ILI through XI sre the correction curves 
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DISCUS LION OF RXSULTS 


the curves of figures III, IV, end V which compere the cor- 
rection to be 4&pplied to the average heat transfer rate obteined 
from the three methods investigated show that tne geometric mean 
method permits elimination of surfece temperature as 6 variable 
with introduction of the least error in the heat transfer rate. 

At this point it isa possibie to observe the error in the cal- 
culation. faired curves aréwn to represent one surface temperature 
condition do not pass througn all the computed points. ‘ihe devia- 
tion of & ,oint from its associated curve is a measure tnein of the 
error of calculation. The j,-ercent error is very nesrly eoual to 
this difference in percent correction, and thus may be observed by 
reference to figures III through «lV. ihe maximun. culculation 
error is 4% and the average value is an 

faving aetermined the trend of tne true correction curves re- 
Guired fcr use of the geometric nean metnod at several surface. 
temperalures, an overage correction curve is drawn to permit the 
elimination of surface tesperuture 48 4 varitcle. ‘ihe average 


curve for t. -t> = 1O0UO is seen to be a good re; resentation of 


Zz 
tne se.erui curves for different surface temperature conditions. 

fn exception is necessury for tne case where the difference between 

gas and surface temperatures is less than 500°r. The averzze curves 

for t) -t2 = 590 and for ty = 1500 ure not in all cases the best 
representation of the several curves for different surface tezpcretures. 


They ure derives from the corresponding average curve for t}; - t. = 


1000 end from the averupe ordinate retios .éven in figure AVI1. 
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in, order to further simplify the correction curves for eniin- 
eerin, use 4il tne correction curves huve been fineily averared into 
tee recomuended curves, ome for t; - ts = 1000 und one te convert 
this curve for eny veiue of t) - toa, (ficures im’, end {-b),. the = 


commenced values have heen plotted back with the true corrections on 
s 
















firures VI through AIV. They are seen to represent the true correc- ° 


tions nell et high: gus temperatures but pcorly when low ges tenper- § 
atures sre combined witn nigh velues of t, - to. 


Tne %nount of error that is incurrea from use of the geometric 


meen metiod unt the recommended correction curves plottea as band 





of possible error in fizure I] is seen to be reaso: ably symmetrical 


about zero for all values of ty - tz. This degree of symmetry sub- 





siantietes the recowmenied curves 45 being @ good mean of corrections 
for any conaition that my be imposed. 
‘the conditions imposed of unit tube surface Sheik beRSE TE 
heat receiving suriuce siould not atfect the charecter of te recom ; 
nended methoas of caiculuting Ue average heat transfer rate. Lixewis@ 
n@clectinag the correcticn for partial jressure of water ve;or 


no effect on tne recommendations. 








COMGLUSIONS ani FECOMMe AL ATIORNS 


It is practical to calculate the average radiant heat transfer rate 
from gaseous carbor dioxide and water wnror flowing through a long prin 
tude by usa cf the ~eometric crean ssthod and the recommended correafion 
curves, figures I-4 and I-B. “ucl. 4 cada Adin will involve 4 possible 
error in the order of 5% cr less for the most frequent range of indus- 
trial radiant heat trensfer. The bands of possible error should bs con- 
sulted by the cesiyner, however, so that he may know wriat degree of 
accuracy he can sxrect from use of the recommended method. + liaitation 
ie placed on the method that it shall not be employed when the difference 
between eas and surface temperatures is less than 500°F. 

Whether or not the conditions for no axial heat exchange and for 
compiete normal aisdne are sufficiently satisfied in a particular case is 
a subject which must rest in the hands of the designer. The condition 
that the effect of convection heat transfer is considered negligible will 
hold with varying degrees of accurucy depending on the situation. Con- 
vecticn heat transfer independently of the rediant heat transfer, and 
finally supsrimrposing ths convection pen the radiant heat transfer. “hen 
convection is an appreciable fraction of the totai. heat transfer a more 
rigorous solution will be necessary and the use of the geometrical mean 


method of predicting ths radiant heat transfer cannot be recomaended. 























ations for ench a 


| “~\ 
I 4 Case: Py = 1 atasephore 


2PL = . 240 foot atmospheres 


z = = 9.5 
P,P, 
Ss = 3 
ty-%, = 1000°F 


1. Calculate the heat transfer et a point. 
tp = 2500°R 
t, = 00°F 
Py =P 
PLL = Pb = 1.0 ft. ata. 
Values of emissivity are fo yn 
“c, Tp 
Cu, Try P+ 0 
Aég, ty 

















z, T 


<c, T 5s PoL oe 065 . 
? 


t= 2m = 5s28 (#)"- (5.20)°*_ 2.94 
+} 


? 


Xe = cereal 2085 x 2.94 = «250 










Xo = ey, T 5s P,> 0 
O<a5, 


x G, 3 


(E)*- 29.00° = 768 x 10° 
J213 x 768 x 10°= 164 x 10° 






5.60 = .985 x 10° 


560 x .963 x 10° = 550 x 10 


, 4 “ 4 ‘ 
4 








Similarly other points are calevlated end plotted against gas 
‘tempernture as show in figure XI. . 
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2. Calculate the true average heat transfer aver a length of 
tube where the e238 tenperawre varies e given amount. 
The average value of q/ATis given by 


rT. ~T 


(0/49) ave 7 — 
i vie 

T he integral may be evaluated by plotting ~ir versus Tp. 
Ordinates are then picked off at 100 degree intervals and summed. 


Case: t,-tp = 1000 OF aut - 2100 OF 


6 
te She * 10 





LEO L6.& 
1750 14.0 
1850 17.35 
1950 10.8 
- 2050 9.6 
. 7150 8.6 a 
i. 2250 Tet ’ 

2550 7.0 
2 624 
2550 a8 

° t: at ™ 10 | 5 

(c/A7) 6 * oat = este 101 x 10 

AA 


Other points are calculated in the same manner. They are plotted 
agninst t he arithmetic mean gas tenperature in f igure XAIII ag a 


check. for accuracy. 
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Se Cnalculete the averoge heet trensfer by the geometric meen 


r “ , (? 4 
(M88 ere Seg |) ~ (3) | ae 


+t 
Faas is calculeted at 4 3 é 


r.\* (ft *) 
es - e = geometric meen of inlet and 
100 00 | ave 


me tho. 





outlet values. 


+ t. 
C ase: ty~-ty = 1000 °F a2 = 2100 °F 


t, = 2600 F T, = 3060 °F abs 
0 
‘ t, = 1600 °F T, = 2060 F abs 
4 al 0 - ee. o 
to, = ty = 100 F Te4 = Typ = 560 F abs 


From plot of step 1 pick off 
a in +t 
1/tq /ko= 9.10 x 1078 at at - 2 100 °F 


g/ko= 110 x 10° 
s+ Z. 
Te ave + = 2560 °F abs 
tT + " 
| Eats | - 25.60 = 429 x 10° 
a s ° 
t., see” 550 “F abs 
T 4 4 . 


Fave = eye aioe bs Mo x19". oer 


Tp \4 a (= " 425 x 10 
100 y 100 
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T. \4 
(35) = 2.6 875 x 10 (zis) = 90.6 a2 1&1 =z 10° 

T re T 4 § - 
“30 7 3 (=) = 1x10 

(iB) 1x10 as 

f \4 ,T..\4 Tt \@ /2,\4 
a ; = é , (se - (3) = , 


(GE): Gal] ane V/ [al Gl [aI Ge" 


ee Tae 


=  |/ (874 x 105) (180 x 10% 


= 397 x10" 
(3s +e,’ 
(g /4S) ove = Fare | (5 * (a ave 
= .257 x 8 97 x 10° = 102 x 109 


Similarly othe r values of (¢/Ac) ave ere calculated by this method 
and are plotted with the true v alue of (¢ /Ac) ave 28 & Check for 


accuracy, ficure AXTII. 


4 . C alculate the average teat transfer by the arithaetic meen 


(o/h9) Tie | Cage) - Cs) 


Ton is calculated at tp, ave ond “s,ave 


method. 








t t 
a + 
2 | “ait ©, 
Cases t)-ty = 1000°F ae = £100 °F 


& 


8 
From curve of step 1 at 2100 °F pick off + = 00910 x 10 





s 3 
(G/A5) aye = (9/Ae) = 110 x 10 . 
Similarly other values of (a/A4) ye are colculated by this method 











for 


are plotted with the true average ac a check for accuracy. 


5. Calculate the averace heat transfer by the log meen metho 


the case of step 2. 


(0/6 bane * Faye | (Eu*)* - (Teze)*] 


er 
Taye i$ calculated at tp aye od ty oye 
a. “si “so te ave = te ayy” 108 Reem Ot 
t,-t, = 1000°F Yo: «m00°r 
t= 2000 F ' te = 1600°F 
t.57 100°F te, = 100F 
Oty = 2500°F At, = 1500°P 


e 
Aty-Dty = 1000°F 


AM - 1.67 
oat 
5 o> - 
Ate 
at: Shot = aggo. . 190 





Qi te ! 
ty -t +24t = 100+1950- 2050 F 
3 ave 5, ave nm 


From curve of step il pick off 
| - 0960x120 at tp= 2050 F 
' (of/Ac 


(o/A7) ng * 2/.00980 x 107 - 204 x 10% 
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4/ 


Similarly other values of (q/At).,. are calculated by this 


method end plotted with the true aversge es a check for accuracy. 


G6. Calculate the percent correction for the sverage value of 


(c/ac) from the three aethods. 


(1+ 40/100) (c/A°) ove, method © (of AS) ave, true 
<0/100- LN ae. te 
Q/Maye, method 


Case: True (a/A)aye = VOL x 1050 (step 2) 
Geometric mean nethod (c/A) 4, ~ 10? x 1020 (step §) 


2C = 100 (101/lo2 - 1)= -1.0% 
} 
Arithmetic neen method (/8S) ove +110 =x 10° (step 4) 


Zc = 100 (101/110 - 1)= -8.2 % 


Log nean method (c/2T) ove = 104 x 10° ( 


step 5) 


GC = 100 (101/104 -1)-= -2.9¢% 


7. Evaluate the recommended ratio of correction at suy value of 
(t)-tg) to correction et (t,-tg) = 1000 F for (c/A)gye from the geoactric 
mesn acthod. i 
Plot azainst (t,* ty) /Pell values of percent correction at ome 
and one P/(e? 3 for the desired value of (tjz-to) and for (t)~t,)=1000'F, 


figare Vil 
4 e 








oe. 
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Fsir a curve through points representin: exch surface temperature 
condition. Fair the best average curve through these curves for each 
(t-tg) forcing the average curves to go through zero at the same (t,*t}/2. 
(Shown only for (t,-ty) - 1000°F/(fipure VIL) Calculate ratios of 
ordinstes at the same (t,+t,.)/2 snd take the arithmetic everzsce of 
the ratios. 

Similarly find this average ratio for other values of Px/(PgtP_) 
at the same iPL. 

Find arithmetic evernge of this correction ratio for all values 
of P,/(P+P,) at each LPL. 

Again everage these arithmetically for tne secommemded ratio. 

Caser LPL-2.0 PY/(P+P,).* 0.5 


(ty+t.)/2 — BCro99 #01 500 £01 500 
~ $61,000 _ 


1000 
3000 1.5 1.8 Let 
2600 1.4 Zee 1.6 
2600 1.0 1.7 Le 
2400 4 7 1.6 
2500 0 0 - | 
2200 O05 ~0.7 1.4 
2000 -1.5 =2.5 1.7 
1600 -2.7 -4.3 be 
0 
me MeO = 1.6 
Bip9q eve 
P,/(P, Ay) =0 _S€y590 = 17 
201.900 ave 


P,/(P, Py) =2-0 m- =1.5 
ave 















2PL = 2.0 (see figure XVII) 


ZPL = 0.20 
















ee 








* (see figure 1-5) a. 


“7 oe together and average Maite tittadititanes 













-' Caner ZPL= 240 (ty+t2)/2 = 2100 °F ~ 
yee SS oe :  f- 
aC -2.5 0.4 aeb “lel “ 
ae a ee ae ee ; 
“together. and avertye their ordinetes. | a 
Case: (i+t,)/2 = 2100°F 
£ Pl So 0.06 ave 
a ll 001 ee =; 
This acd svemgs catve de plébiod o¢ the summeveitl cervesibeh 
ss @UT¥e, figure I-A. a 








| 9s Calealate the percent error in (0/A) 9, from the geometric — 


e meen sethod and the recommended corrections \ 7 
7 


~ 











.s 7 (a/A) ave ded - (c/A) ave, true 

















aiculationa of ges emissivity and eh vias are based 
7 [oc 








scomsendaticns of Hottel and egoert (2) who :rasent data 
eed 4 . 









on the ae aater vapor and .yrdon dicxids tozether with 
allowances for the ts emtiual Latertorese when mixed. 
= ee ions supporting the results are contained in two 
fessor H. C. Vottel at 


; Institute of Technology. : 








books, filich are in tie custody of Fro 














ro 
om a. & 
2. ——) e B., ane HK. C. Hottel, Trans. 4m. Soc. Xech. ungrs., 
3. Fottel, r c. ana k. b. Sgbert, Trans. Am. Soc. nw, ingrs., 
63, 297 (1942) 
. Rottel, #. C., : 








1. | Trans. mn Inst. Chem. Engrs. , 2, 78 Wee) 
















re notes, “Hest Transfer in the Combustion — 
Chamber of a Furnace", U.I.T., 1940 
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